To determine smoking transitions in a representative sample of US adults. Design Longitudinal study using data from the National Epidemiologic Survey on Alcohol and Related Conditions (wave 1, 2001-02; wave 2, 2004-05). Setting The general US adult population. Participants A total of 33 309 adults (53.6% female) classified as wave 1 current daily, current non-daily, former daily, former non-daily or never smokers. Measurements Smoking transitions were determined from waves 1 and 2 data. Findings Smoking status remained stable for the majority of current daily (79.8%), former daily (95.8%), former non-daily (96.3%) and never (97.1%) smokers. Among current non-daily smokers, 54.5% quit smoking while 22.5% increased to daily smoking. Current daily smokers who were older [30-44, odds ratio (OR) = 0.62; 95% confidence interval (CI) = 0.49-0.78; 45+, OR = 0.75; 95% CI = 0.61-0.93] and unmarried (OR = 0.80, 95% CI = 0.66-0.96) were less likely to report smoking cessation. Current daily smokers who were Hispanic (OR = 2.15, 95% CI = 1.65-2.81) and college educated (OR = 1.27, 95% CI = 1.05-1.53) were more likely to report smoking cessation. Relapse in former daily smokers was greater in women (OR = 1.44, 95% CI = 1.01-2.06) and lower in older adults (OR = 0.44; 95% CI = 0.27-0.74). Smoking initiation occurred less in women (OR = 0.65; 95% CI = 0.49-0.87) and Hispanic adults (OR = 0.57; 95% CI = 0.36-0.91) and more in unmarried adults (OR = 1.84; 95% CI = 1.37-2.47) and adults with less education (OR = 1.63; 95% CI = 1.09-2.44). Conclusions From 2001 to 2005, smoking status was extremely stable in the US population. Specific gender, race and educational groups need increased prevention and intervention efforts.
INTRODUCTION
Tobacco use results in the deaths of >5 million adults annually across the globe [1] with the greatest proportions of tobacco-related deaths seen in the Americas and Europe [1] . In the United States alone, approximately 480 000 adults die annually from tobacco-related causes [2] . Further, the relative risk of dying from smokingrelated causes has increased over the past 50 years [2, 3] .
In order to move forward on a national US tobacco control agenda [4, 5] , it is necessary to understand how daily smoking patterns vary over time. Research on smoking persistence has primarily used cohort or retrospective designs (e.g. [6] [7] [8] [9] ) which provide information about a group's smoking behavior at one point in time, but also have limitations, including the potential for recall bias error [10] . For example, smokers are less likely to remember and report quit attempts that occurred further in the past compared to more recent attempts [11] . Longitudinal data, when available, provide advantages including reduced recall bias due to a shorter recall period, greater power and the ability to evaluate change over time at an individual, rather than at the group, level [12, 13] .The few longitudinal studies on changes in smoking report varied results. For example, rates of relapse among former smokers have been reported to range from 7 to 40% [14] [15] [16] . Differences in sample characteristics, follow-up periods (ranging from 1 to 10 years) and smoking status definitions (e.g. combining daily and non-daily smoking) probably contributed to this variation. Only one prior investigation examined longitudinal changes in smoking status (from the 1970s to 1980s) with a nationally representative sample [15] . Further, no study has examined the full range of possible smoking transitions (i.e. initiation, increase, no change, reduction, cessation, relapse) across daily and non-daily smoking status.
While the 1993 National Institutes of Health (NIH) Revitalization Act (Public Law 103-43) [17] requires that women and minorities be considered for inclusion in all human research funded by the NIH, it has been documented that few smoking studies examine outcomes by key demographics [18] [19] [20] [21] . Therefore, it is important that significant differences in smoking transitions by subgroup be documented. Previous studies that examined demographic associates of smoking transitions reported mixed findings. Demographics associated significantly with smoking cessation (compared to continued smoking) include male gender [22] [23] [24] [25] , Hispanic and Caucasian race [15, 26, 27] , older age [15, 23] , greater education [22, 24, 28] and being married [16] . In contrast, other research has reported no association between cessation and gender [26, [28] [29] [30] , education [23, 29] , race [23, 28] , age [28] or marital status [28] . Demographics associated with smoking relapse (compared to continued abstinence in former smokers) include younger age [14, 31] and not being married [31] , but not education [31] . Results related to the association of gender to smoking relapse have been mixed [14, 15] . Finally, smoking initiation has been associated with male gender and Asian or African American race [32] . Similar to the studies of overall smoking patterns reported earlier, the majority of studies examining demographics used crosssectional designs; combined daily and non-daily smokers; and/or included samples that were not representative of the general US population.
The National Institute on Alcohol Abuse and Alcoholism's National Epidemiologic Survey on Alcohol and Related Conditions (NESARC; wave 1, 2001-02; wave 2, 2004-05) [33, 34] provides a unique opportunity to examine changes in daily and non-daily smoking status using longitudinal data from a large, representative sample of the general US adult population. The primary aim of this study was to evaluate the stability of smoking patterns in a representative sample of US adults who reported their current smoking behavior at two timepoints, approximately 3 years apart. The secondary aim of this study was to evaluate how smoking transitions varied by key demographic subgroups to inform prevention and intervention efforts.
METHODS

Data sources
This study analyzed two waves of data from the NESARC study. During wave 1, face-to-face personal interviews were conducted in 2001 and 2002 with 43 093 noninstitutionalized United States civilians in all 50 states and the District of Columbia. Participants were aged 18 years and older with an oversampling of African Americans, Hispanics and young adults (aged [18] [19] [20] [21] [22] [23] [24] . The response rate at wave 1 was 81%. Approximately 86% of the wave 1 sample (n = 34 653 out of 39 959 eligible participants) completed face-to-face wave 2 interviews in 2004 and 2005 (mean time between interviews = 36.6 months). See Grant et al. [33, 34] for details about the NESARC sampling and weight procedures.
The current analyses were conducted on the 33 309 participants who completed both waves of data collection; reported current daily, current non-daily, former daily, former non-daily or life-time non-smoking at wave 1; and provided valid smoking data at wave 2. See Table 1 for the demographics of participants who were included in the analyses versus those excluded due to incomplete or missing wave 2 data.
Measures
Socio-demographics
At wave 1, participants provided information regarding gender (male, female), age (18-29, 30-44, 45+) , birth cohort (1911-29, 1930-39, 1940-49, 1950-59, 1960-69, 1970-79, 1980-84) , race/ethnicity (white, non-Hispanic; black, non-Hispanic; other, non-Hispanic; Hispanic), marital status (married, not currently married) and education [less than a high school (HS) graduate, HS graduate, at least some college]. To protect participants' privacy, NESARC data do not include year of birth; thus, birth year was calculated by subtracting the age of the participant at wave 1 from year of the wave 1 interview (either 2001 or 2002). The 'other, non-Hispanic' category included participants who identified as American Indian, Alaskan Native, Asian, Native Hawaiian or Pacific Islander. These categorizations were based on prior work with the NESARC [35] .
Smoking status and transitions
Smoking status was assessed during the wave 1 and 2 interviews using the Alcohol Use Disorders and Associated Disabilities Interview Schedule-DSM-IV [36] (AUDADIS-IV). The AUDADIS-IV has demonstrated good reliability for assessing smoking behaviors [intraclass correlation coefficients (ICCs) = 0.60-0.92] [37] . The sample was limited to five non-overlapping subsamples of participants who completed the NESARC wave 1 assessment: participants reporting current daily smoking, current non-daily smoking, former daily smoking, former non-daily smoking and life-time non-smoking at wave 1. Our smoking classifications were consistent with the categories used by the US Department of Health and Human Service's Centers for Disease Control and Prevention [38] .
Wave 1 smoking status. 'Wave 1 current daily smoking' characterized adults who smoked at least 100 cigarettes during their life-time and reported smoking cigarettes daily during the 12 months prior to the wave 1 interview. 'Wave 1 current non-daily smoking' characterized adults who smoked at least 100 cigarettes during their life-time and reported smoking cigarettes some days, but not every day, during the 12 months prior to the wave 1 interview. 'Wave 1 former daily smoking' characterized adults who smoked at least 100 cigarettes in their life-time, smoked every day during the period they had last smoked and had not smoked during the 12 months prior to the wave 1 interview. 'Wave 1 former non-daily smoking' characterized adults who smoked at least 100 cigarettes in their life-time; smoked some, but not all, days during the period they had last smoked; and had not smoked during the 12 months prior to the wave 1 interview. 'Wave 1 life-time non-smoking' characterized adults who never smoked 100 cigarettes or used any other tobacco products (i.e. cigars, pipes, chewing tobacco, snuff) in their life-time.
Wave 2 smoking status. Wave 2 smoking behavior was defined by three mutually exclusive categories: current daily smoking, current non-daily smoking and current non-smoking. Participants who reported smoking at least 100 cigarettes since the wave 1 interview and either daily Table 1 Demographic factors for participants from the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC) study who were included in the analyses compared to those who were excluded from the analyses. a Wave 1 current daily/current non-daily/former daily/former non-daily/life-time non-smoking participants with complete smoking data at wave 2. b NESARC participants who did not provide valid wave 1 smoking data; wave 1 current daily/current non-daily/former daily/former non-daily/life-time non-smoking participants who completed the wave 2 assessment but did not provide valid wave 2 smoking data; or wave 1 current daily/current non-daily/former daily/former non-daily/life-time non-smoking participants who did not complete the wave 2 assessment (e.g. failure to locate, institutionalization, physical or mental impairment, US armed forces deployment, moved out of country, deported or deceased; see [34] ). HS = high school; CI = confidence interval. smoking or non-daily smoking during the 12 months prior to the wave 2 interview met criteria for wave 2 current daily smoking and wave 2 current non-daily smoking, respectively. Participants who reported that they either smoked fewer than 100 cigarettes since the wave 1 interview or had not smoked cigarettes in the 12 months prior to the wave 2 interview met criteria for wave 2 current non-smoking.
Smoking transitions. For wave 1 current daily smoking, the three-level transition of interest was 'smoking cessation', which characterized smoking behavior at wave 2 as: 'quit smoking' (wave 2 current non-smoking), 'reduce to non-daily smoking' (wave 2 current non-daily smoking) and 'stable current daily smoking' (wave 2 current daily smoking). For participants with wave 1 current non-daily smoking, transitions were: 'quit smoking' (wave 2 current non-smoking), 'stable nondaily smoking' (wave 2 current non-daily smoking) and 'increase to daily smoking' (wave 2 current daily smoking). For wave 1 former daily and non-daily smoking, transitions were: 'relapse to daily smoking' (wave 2 current daily smoking), 'relapse to non-daily smoking' (wave 2 current non-daily smoking) and 'stable former daily smoking' (wave 2 current non-smoking). For wave 1 life-time non-smoking, transitions were: 'initiation of daily smoking' (wave 2 current daily smoking), 'initiation of non-daily smoking' (wave 2 current nondaily smoking) and 'stable life-time non-smoking' (wave 2 current non-smoking).
Covariates
Past-year nicotine dependence (yes/no), assessed at wave 1 by the AUDADIS using DSM-IV criteria, was included as a covariate for analyses of wave 1 current daily smoking. Because few participants with wave 1 former daily smoking met diagnostic criteria for past-year nicotine dependence (n = 57), and because past-year nicotine dependence was unrelated to smoking relapse in bivariate analysis (χ 2 = 0.86; P = 0.43), this variable was not included as a covariate in multinomial logistic regression modeling. Years since last cigarette (range 0-75), assessed at wave 1, was included as a covariate in models for participants with former smoking.
Statistical methods
Data were analyzed using SUDAAN (Research Triangle Institute 2001; Research Triangle Park, NC, USA) to adjust for characteristics of complex survey sampling designs. NESARC-calculated weights were used to account for non-response; attrition; oversampling of African Americans, Hispanics and young adults; and to be representative of the US civilian population based on the 2000 decennial census. Wave 2 data were weighted to represent the same population that was represented at wave 1. Descriptive data are presented as unweighted n and weighted % (including 95% confidence intervals; CI); statistical significance was determined with the Wald χ 2 test for categorical variables. A series of multinomial logistic regression models were built to examine the association of demographics to smoking transitions for wave 1 current daily smoking, former daily smoking and lifetime non-smoking using PROC MULTILOG. These models were constructed separately for participants reporting wave 1 current daily, former daily and never smoking; the dependent variable was the three-level smoking transition of interest (e.g. smoking cessation, smoking relapse, smoking initiation). Each model included the primary independent variables of gender, age, race/ethnicity, marital status and education, as well as any relevant covariates (wave 1 past-year nicotine dependence among those with wave 1 current daily smoking; years since last cigarette among those with wave 1 former daily smoking). Another set of models was constructed where birth cohort was substituted for age. Multinomial logistic regression models were not run for wave 1 current or former non-daily smoking because the small sample sizes did not allow enough power for these analyses. Findings from these adjusted multinomial logistic regression models are presented as adjusted odds ratios (OR) with corresponding 95% CIs. An association was considered to be statistically significant when the 95% CI of the OR did not include 1.0 (the corresponding P-value is less than 0.05). Statistical tests were two-tailed and differences were considered significant when P < 0.05.
RESULTS
Demographics
See Table 2 for the distribution of demographics and covariates for the full analyzed sample and across wave 1 smoking classifications.
Stability of smoking status (primary aim; Table 3)
There was a high level of stability in smoking status (Table 3) . At wave 2, nearly 80% of adults who reported current daily smoking at wave 1 continued to report current daily smoking, while 5% reduced their smoking to a non-daily basis. Nearly 96% of those who reported former daily and non-daily smoking at wave 1 avoided relapse to either daily or non-daily smoking at wave 2, while 97% of those who reported never smoking at wave 1 avoided initiation of either daily or non-daily smoking at wave 2. The least stable smoking status was wave 1 current non-daily smoking: just over half of these adults (54.5%) reported they no longer smoked. Among the wave 1 current non-daily smokers who continued smoking at wave 2, half reported smoking on a non-daily basis while the other half reported that they increased their smoking to a daily level.
Association of demographics to smoking transitions (secondary aim; Tables 4-6)
Smoking cessation (Table 4) Smoking cessation was associated significantly with age, race/ethnicity, marital status, education and birth cohort. Wave 1 current daily smoking adults who were older demonstrated decreased odds of quitting and reducing to non-daily smoking. Wave 1 current daily smoking adults who identified as black and Hispanic demonstrated increased odds of quitting and reducing to non-daily smoking compared to wave 1 current daily smoking adults who identified as white. Wave 1 current daily smoking adults who were not currently married reported decreased odds of quitting smoking compared to those who were currently married. Finally, wave 1 current daily smoking adults who reported a having some college education reported increased odds of quitting smoking and reducing to non-daily smoking compared to high school graduates; in contrast, those with less than a high school education reported decreased odds of reducing smoking.
Smoking relapse (Table 5)
Smoking relapse was associated significantly with gender, age, race/ethnicity and birth cohort. Former smoking women demonstrated greater odds of relapse to daily smoking at wave 2 compared to former smoking men, while older adults demonstrated decreased odds of relapse to both daily and non-daily smoking relative to younger adults. Wave 1 former smoking adults who identified as being from a race other than white, black or Hispanic demonstrated greater odds of relapse to daily smoking compared to those who identified as white.
Smoking initiation (Table 6)
Smoking initiation was associated significantly with gender, age, race/ethnicity, marital status, education and birth cohort. Women had lower odds than men for initiating daily and non-daily smoking. Wave 1 never smoking adults who were older than 30 years demonstrated lower odds of daily and non-daily smoking initiation compared to wave 1 never smoking adults who were n is unweighted; % is weighted. CI = confidence interval. a Defined as smoking at least 100 cigarettes over the person's life-time, smoking cigarettes every day during the 12 months prior to the wave 1 interview. b Defined as smoking at least 100 cigarettes over the person's life-time, smoking cigarettes some days, but not every day, during the 12 months prior to the wave 1 interview. c Defined as smoking at least 100 cigarettes total over the person's life-time, smoking cigarettes every day during the last period of smoking, and no reported smoking in the 12 months prior to the wave 1 interview. d Defined as smoking at least 100 cigarettes over the person's life-time, smoking cigarettes some days, but not every day, during the last period of smoking, and no reported smoking in the 12 months prior to the wave 1 interview. e Defined as smoking fewer than 100 cigarettes in total over the person's life-time and no use of other tobacco products in one's life-time (e.g. smoking fewer than 50 cigars, smoking a pipe fewer than 50 times, chewing tobacco fewer than 20 times and using snuff fewer than 20 times) at the time of the wave 1 interview. f Defined as smoking at least 100 cigarettes since the wave 1 interview and smoking daily during the 12 months prior to the wave 2 interview. g Defined as smoking at least 100 cigarettes since the wave 1 interview and smoking less than daily during the 12 months prior to the wave 2 interview. h Defined as smoking fewer than 100 cigarettes total since the wave 1 interview; or smoking more than 100 cigarettes since the wave 1 interview but no reported smoking in the 12 months prior to the wave 2 interview. younger than 30. Similarly, wave 1 never smoking adults from older age cohorts demonstrating lower odds of initiating daily and non-daily smoking compared to the youngest birth cohort. Wave 1 never smoking adults who identified as Hispanic displayed lower odds of initiating daily smoking and greater odds of initiating non-daily smoking compared to wave 1 never smoking adults who identified as white. Unmarried adults showed greater odds than married adults to initiate both daily and nondaily smoking. Finally, compared to wave 1 never smoking adults who graduated high school, wave 1 never smoking adults with a college education demonstrated lower odds of initiating daily and non-daily smoking, while wave 1 never smoking adults with less than a high school education demonstrated greater odds of initiating daily smoking.
DISCUSSION
There is a need to make smoking treatment research a top national priority [4] and move forward on a national tobacco control agenda [5] that will inform health-care policy and the allocation of health care to reduce the deadly consequences of smoking. The current study used a nationally representative and longitudinal data set to examine the full range of smoking transitions for daily and non-daily smokers in order to examine stability of smoking and identify groups in need of increased prevention and intervention efforts.
Smoking status remained stable for the majority of adults, especially current smokers, with only approximately one in seven smokers quitting during the 3-year period. Further, the majority of current smoking adults continued to smoke on a daily basis. While quit rates were higher for current non-daily smoking adults compared to current daily smoking adults, it is important to note that nearly half of the non-daily smokers who were still smoking after 3 years had increased to daily smoking, suggesting the need for targeted efforts to reduce the transitions from non-daily to daily smoking.
Stability in smoking is not due to a lack of desire to quit or lack of cessation attempts. Most current smokers express a desire to quit [39] and try to quit smoking [26] . Rather, rates are stable because the majority of quit attempts end in relapse [7, 18, [40] [41] [42] . Data from the Centers for Disease Control (CDC) found that while the majority of adult smokers reported past-year quit attempts (52.4%), only 6.2% were currently not smoking [26] . In contrast, most former smokers avoided relapse in this study, most probably because the former smokers had been abstinent for at least 12 months at wave 1 and the majority of relapses occur within the first week of quitting [42] .
Other key demographic variables differed in their association to smoking transitions. Prevention campaigns may benefit from targeting men, consistent with prior cross-sectional research [32] . In contrast to past crosssectional studies, our data also suggest the importance of prevention efforts targeting adults who are younger, unmarried, have less education and identify as Hispanic. Similar to cross-sectional studies, we found that intervention efforts may benefit from a greater focus toward unmarried adults [16] while, in contrast to past studies, we also found that intervention efforts may benefit from targeting older (rather than younger [15, 23] ) and Caucasian (rather than racial minority [15, 26, 27] ) adults. As noted above, most smokers relapse within days of their quit attempt [42] . While addressing smoking relapse early in quit attempts is critical, attention also needs to be paid to relapse over longer periods of time. Consistent with cross-sectional findings, the current data suggest that women and younger adults [14, 15, 31] may benefit from longer treatments that emphasize relapse prevention as well as adults from minority races (e.g. American Indian, Alaskan Native, Asian, Native Hawaiian and Pacific Islander).
A number of limitations of this study must be acknowledged. First, generalizability is limited to the participant groups included in the analyses. The NESARC data set includes US adults; therefore, results may not generalize to younger age groups or adults from other countries. The majority of current smokers report that they began to smoke before they were 18 years old [43, 44] . Consequently, a low number of participants reported initiating smoking during the assessment period. These data would apply to prevention efforts primarily targeting adults. Further, it should be noted that higher percentages of certain participant groups (e.g. adults who were female, white, married and college-educated; Table 1 ) were included in the analyses compared to those who were excluded from the analyses. In order to reduce the impact of these differences, the wave 2 data were weighted to represent the wave 1 population. Secondly, there were few wave 1 former smoking adults who relapsed to smoking at wave 2. It would be useful for future research to examine associates of relapse in a larger sample of relapsers. Sample size also limited the ability to examine the association of demographics to smoking transitions for non-daily smokers (e.g. 24 wave 1 former non-daily smokers relapsed to daily smoking at wave 2). It would be important for future studies to examine which demographic groups are more likely to continue non-daily smoking, increase to daily smoking and relapse to daily or non-daily smoking. Thirdly, smoking status was determined by selfreport without biochemical verification, which can result in under-reporting of current smoking [45] . Fourthly, data analysis was limited to variables collected at the two assessment time-points. No data were available to types of smoking treatments used to quit smoking or reasons for smoking relapse. Finally, because there were two waves of data, birth cohort and age were mathematically equivalent. The unique contribution of each could not be examined and the two variables had to be analyzed in separate models. Future studies with at least three waves of data should examine the relative effects of age (controlling for cohort) and birth cohort (controlling for age) on changes in smoking.
There have been significant interventions to reduce smoking from the societal to the individual level. The US government has engaged in a range of efforts including the first strategic plan for tobacco control, new CDC media campaigns, authorization of the Food and Drug Administration (FDA) to regulate tobacco and increased insurance coverage for cessation services [46] . The 1998 Tobacco Master Settlement Agreement led to specific public health interventions during the time between wave 1 and wave 2, including increased taxation in 37 states between 2002 and 2003 and smoke-free air laws in eight states between 2002 and 2005. These types of public action reduce exposure to second-hand smoke, smoking behavior and medical risks of smoking [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] . The inclusion of smoking as another vital sign [58] improves the rates at which medical professionals talk to patients about quitting [59, 60] , although there is still work to be done [61] . Further, FDA-approved pharmacological and behavioral treatments improve smoking cessation rates [18] . Despite these efforts, smoking persists. Continued efforts at all levels are needed to improve cessation outcomes and to target groups with lower rates of smoking cessation (i.e. older, Caucasian and unmarried adults), higher rates of smoking relapse (i.e. female, younger and minority adults) and higher rates of smoking initiation (i.e. male, Hispanic, younger, unmarried and less educated adults).
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